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Abstract 
Victoria, Australia is in its fourteenth year of drought and its capital city, Melbourne, is experiencing increase in 
water demand due to its growing population. Water authorities in Melbourne are promoting how to save water at 
home including using water efficient appliances. This paper calculates potential water savings from water efficient 
appliances by comparing water usage between households with water efficient appliances and those without. This 
study was based on the water consumption data recorded at 5-second intervals from logged households collected by 
Yarra Valley Water in Melbourne in 2004. A potential savings of up to 66 kL/household/yr or 35% reduction in 
average daily indoor use/household/yr can be achieved by converting into front loaders, AAA shower heads and 
dual flush toilets. As the results were based on 2004 data the effect of water conservation measures launched after 
2004 including Target 155 were not incorporated in the calculation of potential savings in this report. 
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1.    Introduction  
Victoria, Australia is in its fourteenth year of drought and its capital city, Melbourne, is experiencing increase in 
water demand due to its growing population which is expected to reach more than 6.8 million people by 2056 (ABS 
2008a). In 2004, it was predicted that the city may approach its water supply limits within 15 years if Melbournians 
continue to use water at the same rate and in the same way as they have in the 1990’s in the future (DSE, 2004). Due 
to current drought, increasing water demands and reduction in water resources, Melbourne water authorities 
imposed water restrictions after years of unrestricted supply. Based on the Water Resources Strategy that has been 
developed for Melbourne, the Victorian Government set a per capita consumption target of 25% reduction by 2015 
compared to the 1990’s average of 423 litres per person per day, increasing to 30% reduction by 2020 (DSE, 2006). 
This is to ensure continuation of a safe, reliable and cost effective water supply that is environmentally sustainable 
in the long term. In November 2008, Target 155 Campaign was launched where Melbournians were asked to reduce 
the city’s average residential consumption to 155 litres per person per day. This is in response to continued low 
rainfall which resulted to storages’ levels dropped to record lows (Target 155, 2008). Target 155   was introduced as 
an alternative to moving to tougher levels of restrictions – that is the program was designed to deliver the same level 
of savings as Stage 4 restrictions but still enabling sporting ovals to watered). 
Water authorities in Melbourne like Yarra Valley Water (YVW) are promoting how to save water at home 
including the use of water efficient appliances (Yarra Valley Water, 2009). While average savings from using these 
efficient appliances are published on the web accurate estimation of these savings need to be undertaken. This paper 
calculates potential water savings from water efficient appliances. The calculation was based on the water 
consumption data recorded at 5-second intervals from logged households collected by Yarra Valley Water in 
Melbourne in 2004. This data was disaggregated into major end uses of water using computer software, Trace 
Wizard (Gato, 2006). Possible water savings were calculated based on 2004 data by comparing water usage between 
households with water efficient appliances and those without. The results were compared with the results obtained in 
studies conducted in Western Australia and in the US. As the study was based on the data collected in 2004 the 
impact of other conservation measures launched after 2004 like Target 155 were not incorporated in the results.  
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2.   Study Area 
Melbourne is the capital city of Victoria and the major residential, commercial and manufacturing centre for the 
state (Figure 1). It is the second largest city in Australia and has about 73% of the state’s population. At June 2008 
an estimated 4 million people were residing in Melbourne, an increase of 74,600 people or 2.0% since June 2007. 
Melbourne experienced the largest growth of all Australian capital cities for the year to June 2008 (ABS 2008b). 
The climate is temperate across metropolitan Melbourne, with warm dry summer and a moderate winter rainfall. 
Annual rainfall ranges from about 550mm in the West of the suburban areas, to about 900mm in the East. Mean 
daily maximum temperature is about 260C in summer, with extremes of 400C or more, in most years. There is little 
variation across the city in temperature, except in small areas of higher elevation, where temperature is usually 
marginally higher. 
Melbourne’s current water resources are composed of approximately 780,000ML average annual inflows to 
water supply storages, 30,000ML pumped from Yarra River, 5% is accumulated in storages and 300,000ML is 
released for environmental purposes and overflows (Water Resources Strategy Committee for the Melbourne Area, 
2002).  
The average annual total consumption is estimated at 480,000ML (Water Resources Strategy Committee for the 
Melbourne Area, 2002). Residential use accounted for 60%, while commercial and industrial use accounted for 
around 28%. The remainder is made up of a number of components such as water used for fire fighting, leakage and 
theft.  
 
 
 
 
 
Figure 1. Greater Melbourne 
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 3.   Methodology 
3.1 Data Availability 
The savings calculated in this report were based on the following sets of data: 
• Feb 2004 – Summer during water restrictions. YVW surveyed and installed data loggers to monitor individual 
household’s water usage at 5-seconds interval in 93 households across Greater Melbourne for three weeks (10 
Feb – 04 March 2004). 
• Aug 2004 – Winter during water restrictions. Of the 93 households surveyed and monitored at 5-seconds 
interval in Feb 2004, only 80 households were again logged individually in August for three weeks (01 – 20 
Aug 2004). 
• Feb 2001 – Summer before water restrictions. YVW surveyed and installed data loggers to monitor the water 
usage at 1-minute interval of 25 of its staff, which are single residential household owners with gardens across 
Greater Melbourne as part of its High Water Using Appliances Study. Each of these households kept a diary to 
record water usage for toilet, shower, washing machines, gardens and other major uses, the corresponding times 
of usage, including duration and water level for washing machines. Although the number of households during 
this period of monitoring was only limited to 25 YVW staff, this was included in this report to give an 
indication of water usage before water restrictions. 
3.2 Data Disaggregation 
The 2004 data was disaggregated into end uses of water such as water used for toilets, showers, washing 
machines, garden watering, etc, by a US company using the computer software Trace Wizard. 
As described by Mayer et al (1999), Trace Wizard is a 32-bit software package developed by Aquacraft 
specifically for the purpose of analysing flow trace data. Trace Wizard provides powerful signal processing tools 
and a library of flow trace patterns for recognising a variety of residential fixtures. Any consistent flow pattern can 
be isolated, quantified, and categorised using Trace Wizard including leaks, evaporative coolers, and swimming 
pools. Trace Wizard is also capable of recognising simultaneous events that frequently occur in residential 
households and separate them into separate events (Figure 2). The figure shows a clothes washer having two 
primary cycles (wash and rinse) and a number of spin cycles before and after the rinse cycle; a simultaneous shower, 
a toilet flush and a tap use. At the conclusion of analysis, the final product is a database of water use events which 
have been given fixture identification. This database is created in MSAccess format and can be further analysed 
using MSAccess or any compatible database product. 
 
 
Figure 2. Trace Wizard showing several water use events; clothes washer (blue), shower (red), toilet flush 
(green), and tap (yellow) 
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3.3 Data Analysis 
To estimate the potential water savings from using water efficient appliances, the following were determined: 
• Components of indoor household water use comprising of water used for toilet flushing, showers, and 
washing machines. 
•  Possible water savings were calculated by taking the difference in water usage for each of the following 
indoor water use components: 
o Toilets – between single flush and dual flush toilets 
o Showers –between AAA shower heads (flow rates of 9 litres per minute and less) and shower 
heads over 9 litres per minute 
o Washing Machines – between front loaders and top loaders   
3.4 Comparison with other Studies 
The calculated savings in this report were compared with the results of Perth study (Loh and Coghlan, 2003),  of 
the US study (Mayer et al. 1999) and the water savings reported in the Water Resources Strategy for Melbourne 
(Water Resources Strategy Committee for the Melbourne Area 2002). 
4.   Results and Discussions 
4.1 Dual Flush Toilets 
Current mandatory standard in Melbourne for toilets is the 6/3 litre dual flush toilet. However the dual flush 
toilets previously installed included 11/6 litre and 9/4.5 litre toilets. Of the households logged in all periods of 
monitoring, those with single flush toilets flushed their toilet an average of 4.1 times per person per day and used an 
average of 34 litres per capita per day (Lpcd) or an average of 89.4 litres per household per day (Lphd) for toilet 
purposes. The other homes with dual flush toilets flushed the toilet an average of 4.1 times per person per day and 
used an average of 25.9Lpcd or an average of 79.05Lphd for toilet purposes. The remaining houses who own a 
combination of single and dual flush toilets used an average of 113.9Lphd or 38.4Lpcd for toilet flushing and 
flushed their toilets 4.7 times per person per day. Details for each monitoring periods are shown in Table 1. 
Based on the analysis of the data collected in 2001 and 2004 a complete dual flush toilet retrofit in a single-
family detached home can achieve potential water savings of 2.97 to 9.84Lpcd. For an average 3-member household 
this would mean a potential water savings of around 9 to 30 Lphd or 3 to 11 kilolitres per household per year. The 
savings from 2001 is lower compared to 2004 since the households logged in 2001 already owned single flush 
toilets of 6 and 9L capacities while those in 2004 still owned 9 and 13L and with dual flush toilets of mostly 11/6L. 
Table 1.     Single Flush and Dual Flush Toilet Water Use (Feb 2001; Feb 2004; Aug 2004). 
Toilet Use per Household 
per Day (Lphd) 
Toilet Use per Capita 
per Day (Lpcd) 
Flushes per Capita per 
Day 
Toilet 
Category 
HH 
Mean Std Dev Mean Std Dev Mean Std Dev 
Feb 2001 
Single Flush 5 56.34 19.98 18.81 8.37 2.66 0.90 
Dual Flush 19 48.59 23.99 15.84 6.76 3.42 1.62 
All Homes 24 50.21 23.02 16.46 7.03 3.26 1.52 
Difference  7.75  2.97  0.76  
Feb 2004 
Single Flush 16 99.90 52.64 38.86 17.55 4.01 1.72 
Dual Flush 61 90.89 51.99 30.04 26.90 4.22 2.73 
Both 15 121.47 53.79 39.70 16.27 4.59 1.63 
All Homes 93 96.54 53.43 32.86 24.27 4.21 2.43 
Difference  9.01  8.82  0.21  
Aug 2004 
Single Flush 15 89.26 47.14 34.76 22.33 4.83 4.01 
Dual Flush 54 76.39 40.48 24.92 12.02 4.15 1.78 
Both 11 103.52 42.80 36.10 17.38 4.82 1.24 
All Homes 80 82.53 42.67 28.30 15.74 4.37 2.30 
Difference  12.87  9.84    
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Comparison of Dual Flush Toilet Savings in other Studies 
The Perth Domestic Water Study has measured water savings achievable from installing dual flush toilets. The 
per capita per day toilet savings found in Perth study (Loh and Coghlan, 2003) was compared with the results of this 
study (Table 2). Studies conducted in US were in Ultra-Low Flush Toilet not on dual flush toilets, thus results were 
not compared. 
Table 2.     Comparison of Dual Flush Toilet Savings from Other Studies 
Research Study Savings from Dual Flush Toilets 
 KL per Capita per Year 
Aug 2004 3.59 
Feb 2004 3.22 
Feb 2001 1.08 
Perth Domestic Study 2.18 
 
The savings found in Feb 2001 monitoring was lower than in the Perth study. This could be due to some single 
flush toilets in the study of 24 YVW staff with average flush volumes of 6Lpf and dual flush toilets with capacities 
of 9/4.5Lpf while the Perth Domestic Study reported some older dual flush toilets with capacities of 11/6Lpf, which 
could lead to greater savings when converting them to 6/3Lpf dual flush toilets. In order to improve the 
determination of the possible savings through the installation of dual flush toilets it would be reasonable to conduct 
an intervention study in which the same group of homes is retrofitted with conserving fixtures. 
4.2  “AAA” Shower Heads 
The so called “AAA” shower heads are designed to restrict the flow to a rate of 9Lpm or less. By calculating the 
average shower flow rate for each shower in individual households it was possible to separate homes where shower 
flow rates did not exceed 9Lpm during the monitoring period to homes where shower flow rates were above the 
AAA range.  
Majority of the households logged during the three periods of monitoring showered exclusively above 9Lpm. 
Households with AAA shower heads used an average of 92.9Lphd and 35.7Lpcd for showering, while the non-low 
flow shower homes used an average of 177Lphd and 57.6Lpcd. However, the duration of the average shower in the 
low-flow shower homes was 10 minutes, while the average shower duration in the non-low flow homes was only 7 
minutes. Details for each monitoring period are shown in Table 3. 
The difference between the two groups suggests that a retrofit of a non AAA shower home could result in annual 
water savings of approximately 8.1 to 9.6kL per person per year. For a 3-person household, this would mean an 
annual water savings of around 24 to 28.8 kL per household. It was also shown that households which shower at a 
lower average flow rate do tend to take longer showers. The result suggests that greater shower water savings would 
be available if the AAA occupants could reduce the duration of their showers to the level of the non-AAA homes. 
On the other hand if the AAA occupants were taking showers at the same level as the non-AAA occupants, potential 
water savings may reduced by 4.7 to 6.6 Lcpd.   
Table 3.     Low-Flow and Non Low-Flow Shower Use (Feb 2001; Feb 2004; Aug 2004). 
Shower use per household 
per day (Lphd) 
Shower use per capita 
per day (Lpcd) 
Shower Duration 
(min) 
Shower 
Category 
HH 
Mean Std Dev Mean Std Dev Mean Std Dev 
Feb 2001 
Others (>9Lpm) 8 236.67 148.30 69.01 28.98 6.00 2.13 
AAA (<9Lpm) 16 113.05 61.60 42.73 18.60 8.01 1.36 
24 HH 195.46 137.99 60.25 28.51 6.27 2.11 
Difference  123.62  26.28  2.01  
Feb 2004 
Others (>9Lpm) 73 173.97 92.77 58.90 37.92 7.11 2.14 
AAA (<9Lpm) 20 93.10 65.78 33.54 20.12 10.61 6.47 
93 HH 156.58 93.51 53.44 36.31 7.86 3.78 
Difference  80.87  25.36  3.50  
Aug 2004 
Others (>9Lpm) 58 172.65 99.53 54.40 27.18 7.24 1.94 
AAA (<9Lpm) 22 78.06 47.04 32.26 18.63 10.91 6.39 
80 HH 146.64 97.68 48.31 26.92 8.06 3.91 
Difference  94.59  22.14  3.67  
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 Low-Flow Showerhead Savings Found in Other Studies 
A number of studies here and overseas have measured water savings achievable from installing low-flow 
showerheads. These studies include the Residential End Use Measurements Study (REMS) by Roberts (2005), Perth 
Domestic Study (Loh et al. 2002), the Water Resources Strategy for Melbourne (Water Resources Strategy 
Committee for the Melbourne Area 2002) and studies reported in REWS study (Mayer et al. 1999). The per capita 
per day shower savings found in these studies are compared with the results from this study in Table 4. 
Table 4.     Comparison of AAA Showerhead Savings from Other Studies. 
Study Water Savings from Low Flow Showerheads 
 KL/capita/year KL/household/year 
Aug 2004 8.08 24.24 
Feb 2004 9.26 27.78 
Feb 2001 9.59 28.77 
REMS  16.00 
Perth Study 5.10 17.00 
Water Resources Strategy  13.00 
US Study  17.00 
• Savings per kL/household per year for Aug 2004, Feb 2004 and Feb 2001 were calculated based on a 3-person household. 
• REMS found that a flow rate differential from water efficient shower heads (A, AA, AAA’s) will result to a water savings around 16 kL per 
household per year. 
•  Perth Study was based on water savings of 14L/shower amounting to 5.1kL/person/year. With an average of 3.35 persons/household, the 
savings per household per year was calculated as 17kL.  
• Water Resources Strategy savings of 13kL/hh/yr was based on 2.3L/min for a 7-min shower (Water Resources Strategy Committee for the 
Melbourne Area, 2002). 
 
The savings found in this study were higher than found in all the other studies. A retrofit study in which the same 
group of homes is retrofit with conserving fixtures would be a logical next step to better quantify the savings 
achievable through the installation of AAA showerheads. Based on personal communication with YVW staff, a 
shower retrofit study has been undertaken showing a shower water savings of 10 kL per household per year. The 
lower water savings could be attributed to the launch of Target 155 and resulting reduced shower duration. 
4.3 Front Loading Washing Machines 
After showers, washing machines are the next largest component of indoor water use in the single-family sector.  
More than 75% of the households logged in each of the monitoring period owned top loaders. An analysis of the 
average water consumption per household per day for clothes washing during the three periods of monitoring 
revealed that homes with front loading machines used an average of 54.6Lphd and those who reported owning top 
loading machines have an average of 139.9Lphd for laundry. Table 5 presents the details of the calculation for each 
period of monitoring.  
A front loading washing machine uses less water compared to top loaders per fill leading to savings of around 
16 Lpcd (Table 5). 
Table 5.      Potential Water Savings on Front Loading Washing Machines (Feb 2001; Feb 2004; Aug 2004). 
Feb 2001 Feb 2004 Aug 2004 Type 
HH Lpf Lpd Lpcd HH Lpf Lpd Lpcd HH Lpf Lpd Lpcd 
Front 5 105.4 77.6 18.2 17 80.7 56.8 29.4 13 71.0 42.8 17.6 
Top 19 135.3 93.7 34.2 75 152.4 147.8 45.0 67 152.4 144.1 44.0 
Potential 
Savings 
29.8 16.2 15.9  71.7 90.9 15.6  81.4 101.3 26.4 
Lpf  = litres per flush  
Lpd = litres per day 
Front Loading Washing Machines Savings in other Studies 
A number of studies in Australia and in other countries have shown potential savings in using front loaders rather 
than top loaders washing machines. The results of the three studies here in Australia showed the same savings on a 
per capita basis per year for using front loaders (Table 6). 
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Table 6.     Comparison of Water Savings from Front Loading Washing Machines 
Study Savings (kL/person/year) 
Aug 2004 9.6 
Feb 2004 5.7 
Feb 2001 5.8 
Perth Study 5.8 
 
5.   Conclusions and Recommendations 
Based on the results of the analysis it can be concluded that a potential savings of up to 66 kL/HH/yr or 35% 
reduction in average daily indoor use/HH/yr can be achieved by converting into front loaders, AAA shower heads 
and dual flush toilets. 
The data was collected in 2001 and 2004, since then a number of conservation programs were implemented and 
further restrictions imposed including the launching of Target 155. Further studies should be undertaken to enable to 
see changes or improvements in water savings which may answer the question how far can we go in terms of water 
restrictions. 
Additional studies should also be conducted to incorporate energy savings resulting from saving water and cost 
benefit analysis of retrofitting water efficient appliances.     
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